Numerical modeling was performed to find optimal variants of estimating complex-valued weaknesses responsible for velocity -attenuation anisotropy in an attenuative linear-slip transversely isotropic (LSTI) model of a fractured medium. Velocities and attenuations of the three wave types (qP, qSV, SH) versus the angle between the symmetry axis and the wave normal were computed for media with different values of the ratio Vs/Vp in the isotropic background and varying values of the real and imaginary parts of the normal and tangential weaknesses. These data were analyzed and then inverted for complexvalued weaknesses. Inversion was made for various combinations of data (velocities, attenuations), wave types and angle intervals (0 o -45 o , 45 o -90 o ). The results concerning the optimal ways for estimation the complexvalued weaknesses occurred to be as follows. At first, the values of the real parts neglecting the unknown imaginary parts of the weaknesses are to be determined from the velocity anisotropy, namely, for the normal weakness using qP-wave and for the tangential one using SH-wave. Then with the values of the real parts known, one determines the values of the imaginary parts. For the normal weakness, the qP-wave attenuation anisotropy is used, and for the tangential one SH-wave anisotropy. The velocity and attenuation anisotropy of qSV-wave is recommended to use only in the case of weak anisotropy to avoid cusps at the qSV-wave ray velocity surface. Joint inversion of qP-and SH-wave data can also yield good results.
Introduction
Over the last 5-10 years attenuation anisotropy due to aligned fractures came to attention of geophysicists. This new attribute together with such well known attribute as velocity anisotropy open up possibilities in search for fractured collectors. The use of the named attributes is based on the linear slip theory which has led to TI effective model of rocks with aligned fractures (Klem-Musatov et al., 1973; Aizenberg et al., 1974; Schoenberg, 1980 Schoenberg, , 1983 Kitsunezaki, 1983; Pyrak-Nolte et al., 1990a,b; Gu et al., 1996) . Generalization of this model to attenuative media was pioneered by Chichinina with co-workers (2004, 2006a,b; 2007a,b; 2009a,b,c) .
The potential of revealing hydrocarbons by means of measuring attenuation in conventional surface reflection data was demonstrated by Dasgupta and Clark (1998) who proposed the method QVO, in analogy with AVO. Later, attenuation azimuthal anisotropy together with velocity azimuthal anisotropy was found, estimated and interpreted in reflection and VSP data (Horne and MacBeth, 1997; Lynn and Beckham, 1998; MacBeth, 1999; Clark et al., 2001; Vasconselos, Jenner, 2005; Varela et al., 2006; Maultzsch et al., 2007; Clark et al., 2009 ).
To advance the use of attenuation and velocity anisotropy in search for fractured collectors, we present the results of computations focused on analysis and inversion of data on attenuation and velocity anisotropy in linear-slip TI model. We provide information how to choose optimal ways for estimating the fracture parameters: normal and tangential complex-valued weaknesses.
Theoretical background
Let a plane harmonic wave of a circular frequency  propagating in an attenuative medium be presented as To characterize attenuation, we use the dimensionless parameter Q -1 , the inverse quality factor, which is now in common use. It is more appropriate as compared to the
] and is fair equivalent to the logarithmic attenuation decrement Table 1. Velocities of waves qP, qSV, SH depend almost not at all on the imaginary parts of the weaknesses; therefore, the values of the real parts were varying only. Attenuation depends on all four parameters. We examined i) the dependence on the normal weaknesses at fixed values of the tangential ones, ii) the dependence on the tangential weaknesses at fixed values of the normal ones. The values of parameters were chosen in the limits on physical grounds and on the basis of available experimental data (physical modeling) on velocities in the LSTI model (Hsu and Schoenberg, 1993) and on velocities and attenuation in the attenuative LSTI model (Chichinina et al., 2007a,b; 2009a,b,c) . Now let draw attention to Fig. 1 and Fig. 2 . Velocity dependences First and foremost, it is seen that for all wave types (qP, qSV, SH) the more the weakness (normal or tangential) the more the anisotropy, i.e. the difference between the shown curves and velocity values V p,iso  const, V s,iso  const for the isotropic background. The qP-and SH-waves show the greatest difference in the direction of the symmetry axis The inversion was performed with the use of the method of the least squares. We have tested three main variants of the target function F. In the first variant we search for
Analysis of velocity and attenuation anisotropy versus the ratio   V S,,iso /V P, iso and the weaknesses
in the second variant attenuations are used, and in the third variant joint inversion of velocities and attenuations is performed. The experimental data ("exp") were the exact values of velocities and attenuations computed for the models in Table 1 . As theoretical ("teor") data, we used the approximate values of velocities and attenuations (Chichinina et al., 2009a) . Thus, it was supposed, by convention, that the medium obeys exactly the propagation laws for the chosen model, but the applied theoretical description of wave propagation is not exact.
To minimize the objective functions, the system of computer algebra Mathematica 7 was applied. The five methods were tested: Levenberg-Marquardt, conjugate gradients, Newton, quasi-Newton (unconstrained optimization) and interior point (constrained optimization). The best results are given in Table 2 . The errors less than 10 %
Conclusions
To invert data on velocity and attenuation anisotropy for compex-valued weaknesses, the optimal way is to find at first the values of data. The SV-wave data can be used only if anisotropy is weak because of the cusps on ray-velocity surface of this wave. The joint inversion of velocities and attenuations can also be productive. shown by black and white squares. The black squares are for the found solutions, and the white squares mark the cases when it was not found In each pair of squares, the first is for search in 
